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为了选择 PGSS 方法的操作条件，采用初终熔点法（the first and last melting points 
method, FLMP）和高压微分扫描量热仪（high-pressure differential scanning calorimetry, 
HP-DSC）测定了 PEG6000-布洛芬-CO2 三元体系的固液气平衡线。该体系在不同压
力（0.1, 2.3 , 10.0 MPa）下的熔点-组成（T-w）实验数据表明：在考察条件内，该体
系为简单低共融体系，熔点随着 CO2 压力的升高而逐渐下降，其相图类型和共熔点组
成几乎是恒定的；PEG6000-布洛芬体系体系适用于 PGSS 方法；HP-DSC 法和 FLMP
法测得的 T-w 数据吻合较好。 
应用改进的 PGSS 方法制备 PEG6000/布洛芬复合颗粒，复合颗粒经水洗离心分
离除去 PEG6000 可得到平均粒径为 20-500 nm 的布洛芬纳米粒子。在研究的条件范围
内，所得的布洛芬颗粒的平均粒径随着操作压力的升高、布洛芬质量含量或饱和溶液
流量的减小而减小；随着操作温度的升高变化不大；随着 PEG 分子量（当分子量≥ 2000
时）增加而减小；而 PEG400 与 PEG4000 制备得到的颗粒粒径近似。此外，在 PEG6000−
布洛芬低共熔点组成对布洛芬粒子的尺寸和形貌并未表现出明显影响。在模拟胃液



















测定得高压（15.0 MPa）、低压（8.0 MPa）负载饱和时间分别为 15h 及 20h 以内。
在研究的温度压力范围内，布洛芬在 SiO2 和β-CD 上的负载随温度的增加而增大，随
着压力的增加先增大后（压力大于 17 MPa）略有下降；最大负载量可高达 3.01 g 布
洛芬/g SiO2 及 0.157 g 布洛芬/g β-CD。从 SEM 照片可以看出，负载前后 SiO2 和β-CD





















It is estimated that more than half of the new chemical compounds developed as drugs 
are poorly soluble in water. Typical problems faced by these drugs are the low 
bioavailability, instability, temperamental absorption and adverse effects owing to their low 
solubility and dissolution rate. Nanosizing has appeared as an available method because the 
solubilities of those pharmaceutical compoumds with nano-size in water can be 
significantly increased. On the other hand, the drug-porous composite can disperse the drug 
effectively and then enhance the dissolution rate to improve its oral bioavailability. It is 
well-known that supercritical fluid (SCF) technique has been widely accepted as a green 
chemistry technology for manufacturing nanoparticles. In this work, ibuprofen, a common 
non-steroidal anti-inflammatory drug, was studied for nanosizing and preparing its 
composites with porous materials by using a modified PGSS process and a SCF-loading 
technique, respectively.  
For obtaining the operation conditions of the PGSS process, the first and last melting 
points method (FLMP) and the high-pressure differential scanning calorimetry (HP-DSC) 
were employed to obtain solid-liquid-gas equilibrium (SLGE) data for the PEG6000- 
ibuprofen-CO2 ternary system. The melting point-composition (T-W) data at different 
pressures (0.1, 2.3 and 10.0 MPa) show that the system’s phase diagram is simple eutectic 
and the melting points decrease with the increase of the pressure under the investigated 
conditions. Furthermore, the eutectic composition of the system is almost constant. The 
T-W data indicate the suitableness of the PEG6000-ibuprofen system for the PGSS process. 
Moreover, the T-W data measured by HP-DSC show good agreement with those from 
FLMP.  
A modified PGSSTM process was employed to prepare PEG6000-ibuprofen composite 
particles with reference to the SLGE data of the PEG6000-ibuprofen-CO2 system. The 
composite powder was then dispersed into water to remove PEG6000 and obtain ibuprofen 
nanoparticles with size of 20-500 nm. Among the investigated conditions, the particles size 















PEG2000 to PEG6000), and significantly increases with the flow rate of the gas-saturated 
solution or the ibuprofen content in the ibuprofen/PEG6000 mixture, while the temperature 
shows little effect on the size in the investigated range. The eutectic composition of 
PEG6000-ibuprofen does not show special effect on the particle size or morphology of the 
produced ibuprofen nanoparticles. The ibuprofen nanoparticles obtained from the modified 
PGSSTM-based process show much faster dissolution rate than the ibuprofen raw material 
and the ibuprofen particles from a direct mixing process in the simulated gastric juice 
(hydrochloric acid and potassium chloride buffer solution with pH = 1.4 ± 0.02), simulated 
intestinal fluid (phosphate buffer solution with pH = 7.2 ± 0.02) and simulated continuous 
dissolution. 
The loading ratio of ibuprofen in two loading materials, viz. SiO2 and β-cyclodextrin 
(β-CD) was investigated under various conditions (loading time, loading pressure and 
loading temperature) by using a solute-saturated supercritical fluid loading (SSFL) 
technique. Results showed that the saturated loading time at high pressure (15.0 MPa) and 
low pressure (8.0 MPa) are less than 15 h and 20 h respectively; among the investigated 
conditions, the loading ratio of ibuprofen in SiO2 and β-CD increases following the 
increase of the loading temperature or pressure at low pressure (less than 17.0 MPa), and 
decreases a little as the increase of the loading pressure after 17.0 MPa; and the maximum 
loading ratios can be as high as 3.01 g ibuprofen/g SiO2 and 0.157 g ibuprofen/g β-CD, 
respectively. SEM results show that there is no obvious pore structure change of the two 
loading materials after the SSFL. The dissolution test in hydrochloric acid and potassium 
chloride buffer solution with pH = 1.4 ± 0.02 demonstrates that ibuprofen in β-CD releases 
faster than that in SiO2, and ibuprofen either in β-CD or in SiO2 shows fast release in 
comparison with the ibuprofen raw material. However, the dissolution rate slows down for 
the ibuprofen powders obtained at higher loading pressure or temperature.  
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(三) 沉淀法  






































































的问题。   
1.2 超临界流体 
1.2.1 超临界流体简介 




动性和传递性能。表 1-1 比较了超临界流体与气体和液体物理性质[22]。 
表 1-1 超临界流体与气体、液体物理性质比较[22] 
Table 1-1. The comparison among supercritical fluid, gas and liquid 
物理性质 密度，g/cm3 粘度，g/(cm·s) 扩散系数，cm2/s 
气体 0.6×10-3-2×10-3 10-2 0.1 
超临界流体 0.2-0.9 0.03-0.1 10-4 
液体 0.6-1.6 0.2-3.0 10-5 
常见的超临界流体有二氧化碳、水、氮气、乙醇、乙烷等。其中最受重视的是
CO2，其研究和应用也最为广泛。这是因为它具有许多优良的实用特性：临界条件温
和(临界温度 Tc = 31.3 ℃，临界压力 Pc = 7.37 MPa)，对设备要求不高，操作条件容易
实现；化学性质不活泼、价格便宜，无味、无毒、不易燃、易获得高纯度气体；对大
多数物质有较大的溶解度。另外，其他超临界流体如氮气(临界温度 Tc = -147.0℃，
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